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Abstract 
 
In the plant model system, the moss Physcomitrella patens, the motor protein myosin XI is essential for 
polarized cell growth and proliferation. Myosin XI is structurally similar to Myosin V in animals. Myosin V 
was found to interact, via its globular tail domain, with the exocyst subunit sec15 during secretory 
vesicle transport in yeast and therefore we hypothesize myosin XI and sec15 would interact in P. patens. 
In this study, we recombinantly expressed and purified two globular tail domain constructs from myosin 
XI and full length sec15 from P. patens. The purified proteins can be used in future experiments to 
analyze the proposed binding interaction of myosin XI and sec15.  
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Chapter 1: Introduction 
 
 In many organisms, such as fungi, animals and plants, polarized growth is essential for 
development and survival. In the fungi S. cerevisiae, cell division is accomplished through polarized 
growth. A daughter cell grows and buds off from the mother cell during cell division (Johnston et al., 
1991). In the moss Physcomitrella patens, polarized tip growth occurs in protonemal cells following 
spore germination (Cove, 2005). Polarized tip growth is the expansion of the cells only at the tip (Hepler 
et al., 2001). The rapid expansion is achieved through vesicle transport of essential components to cell 
growth such as membrane and cell wall components (Saito and Ueda, 2009).  
 The moss P. patens is an ideal model system for studying polarized tip growth. Moss can grow 
quickly and is easy to maintain. For most of its life cycle P. patens is in the protonemal or haploid stage. 
With the moss having only one copy of a gene present in this stage it is easy to see a direct mutant 
phenotype during gene manipulation (Goffinet and Shaw, 2009). The entire genome has recently been 
sequenced allowing for genetic manipulation studies (Rensing et al., 2008). For genetic manipulation, P. 
patens has many different capabilities, it can allow for the addition of plasmid DNA, undergo 
homologous recombination for gene knock-out, and RNAi for gene knock-down (Goffinet and Shaw 
2009).  For this project, two vesicle trafficking proteins, myosin XI and sec15, were studied to determine 
the effects the interaction has on moss polarized tip growth.  
1.1: Myosin XI 
 
Myosin proteins are a class of motor proteins that transport cargo within the cell through 
movement along actin filaments. Land plants have two classes of myosin, class VIII and class XI. In moss, 
there are two forms of myosin XI, myosin XIa and myosin XIb. Phylogenetic analysis of the myosin 
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proteins indicates that myosin XI from land plants is most similarly related to Myosin V from animals and 
fungi (Figure 1) (Hodge and Cope, 2000). As seen in Figure 1, and based on sequence information, the 
structure of Myosin V and myosin XI are predicted to be similar. Myosin XI and Myosin V are comprised 
of four distinct domains, the head, neck, coiled-coil, and tail domains (Figure 2) (Vidali et al., 2010). The 
head domain interacts with the actin filaments and is the motor domain of the myosin. The neck region 
functions as a lever arm and connects the head and coiled-coil domains. The coiled-coil domain is 
essential for the dimerization of the myosin XI. The function of the globular tail is to associate with cargo 
(Sparkes, 2010).   
 
Figure 1: Phylogenetic Tree of Myosin Proteins from animals (Class IX, VI, V) and plants (Class XI, XIII, VIII) (Hodge and Cope, 
2000) 
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Figure 2: Myosin XI model indicating the four domains: head, neck, coiled-coil, and tail. Image courtesy of the Vidali lab 
There is strong evidence that myosin XI is essential for polarized tip growth in P. patens. Vidali, 
et al. demonstrated through RNAi silencing that myosin XI is necessary for tip growth in moss. They also 
discovered that myosin XI localized at the tip of growing protonemal cell (Figure 3) (Vidali et al., 2010). 
Recently it was also determined that moss myosin XI associates with intracellular vesicles; most likely 
secretory vesicles (Furt et al., 2013)  
 
Figure 3: Knock-down myosin XI P. patens cells. Left: control cells with functional myosin XI indicating long, normal wild type 
growth. Right: Cells treated with RNAi to knockdown myosin XI indicating short stunted growth. (Vidali et al., 2010) 
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1.2: Sec15 
 
Sec15 is a subunit of the exocyst complex. This complex is comprised of eight subunits and 
implicated in tethering secretory vesicles to the plasma membrane (Heider and Munson, 2012). Sec15 
tertiary structure is predicted to be composed of alpha helical bundles (Figure 4) (Jin et al., 2011). Many 
laboratories have attempted to purify yeast Sec15, but have been unsuccessful due to the lack of soluble 
protein.  A portion of the C-terminal domain of Sec15 (residues 382-699)  was successful purified from 
Drosophila and a subsequent crystal structure was determined for that portion (Bellen et al., 2005). 
Figure 4 is a predicted structure based on the sequence homology of the yeast Sec15 with the 
Drosophila domain, because no crystal structure of the full length protein has been determined.  
 
Figure 4: Structural model of Sec15 from yeast light blue indicate negatively charged residues and dark blue conserved 
negatively charged residues. (Jin et al., 2011) 
In yeast, Sec15 is involved in vesicle transport thorough interaction with the type V myosin 
motor Myo2. After comparing the structure of the Myo2 tail domain and Sec15, they showed strong 
similarities and it was hypothesized that the two might interact. Further experiments confirmed this 
interaction and determined the binding of Myo2 and Sec15 assisted in vesicle transport in yeast. A 
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disruption in the Myo2 and Sec15 interaction resulted in growth and secretion defects in budding yeast 
(Jin et al., 2011). 
1.3: Project Proposal  
 
 Previous work has suggested that Myo2 and Sec15 interact in budding yeast. A disruption in this 
interaction in yeast resulted in growth and secretion defects (Jin et al., 2011). The phylogenetic 
information indicates that Myosin V and myosin XI are closely related, and functional analysis of myosin 
XI also supports functional conservation. Based on this information, I propose that myosin XI and sec15 
from P. patens physically interact and this interaction is important for secretory vesicle dynamics and 
polarized growth of the organism.  
 The overall research goal was to develop in vitro binding assays to test the hypothesis. For this 
project the immediate goal was to develop a purification protocol for the purification of myosin XI and 
sec15 from moss. These purified proteins can be used in future binding experiments to further 
understand their interaction. The in vitro assays can be used to supplement in vivo experiments to 
further understand the role of myosin XI and sec15 in the polarized tip growth of P. patens.  
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Chapter 2: Methods 
2.1: Cloning of myosin XI and sec15 constructs in E. coli 
 
For this project, two myosin XI globular tail domain constructs were made. In moss, there are 
two myosin XI isoforms; myosin XIa and myosin XIb. One construct contained the myosin XIa tail domain 
alone (myoXI-GTD) and one contained the 64 C-terminal end amino acids of the myosin XIa coiled-coil 
domain and the entire tail domain (myoXI-cc-GTD) (Figure 5). The constructs were cloned into the 
plasmid pETDuet using the restriction enzymes, BamHI and HindIII. The pETDuet plasmid will add a six 
histidine tag onto the N-terminus end of the protein. The following primers were used for PCR: 
 Forward Primer MyoXIa tail:  
 CGCGGATCCGCTGCAATGTGTCATGCAAGATGTC 
 
 Reverse Primer MyoXIa tail: 
 CCCAAGCTTCTAAGAATCTGGTTGTGGCATTAGAAAGTG 
 Forward Primer MyoXIa coil and tail: 
 CGCGGATCCGTTGTCGAATCGATTCAAAAGC 
 Reverse Primer MyoXIa coil and tail: 
 CCCAAGCTTCTAAGAATCTGGTTGTGGCATTAG 
 
Figure 5: Myosin XI amino acid construct map 
The complete sec15 sequence was cloned into the plasmid pET15b. Within P. patens there are 
two isoforms of sec15, sec15a and sec15b. For this project, we used the sec15a isoform.  The template 
cDNA, clone number pph20d12, was ordered from Riken Bioresource Center. The cDNA sequence was in 
pGCAPzf3 ampicillin resistant vector. The construct was cloned in to pET15b using NdeI and BamHI 
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restriction enzymes. This vector will add a six histidine tag onto the N-terminus end of the protein. The 
following primers were used for PCR:   
Forward Primer Sec15: 
GGAATTCCATATGAGTAAGGCAAAGAGAGCAGG  
 Reverse Primer Sec15: 
CGGGATCCTCAAGCCTCGTTCTTCAAGCGC  
After transformation, the construct was sent for sequencing to confirm proper cloning. The 
sec15 construct showed a point mutation at nucleotide 665 that changed a cytosine to adenine. After 
sequencing of the cDNA this point mutation was present in the cDNA template. A quick change protocol 
(Stratagene) was used to correct the point mutation. For the quick change, forward and reverse primers 
were designed that matched the sequence but had the correct base at the mutated site. The entire 
plasmid was amplified through PCR from these primers. The enzyme DpnI was added to the PCR mix 
after amplification. This enzyme digested methylated DNA, which was the template plasmid, but not the 
newly amplified plasmid. After DpnI digestion the PCR product was transformed into E. coli. The 
following primers were used for the quick change PCR:  
Forward Primer:  
GAGATCGGCCAACTCTCAATCGGGCAAGCTTCA 
 
Reverse Primer: 
CTCTAGCCGGTTGAGAGTTAGCCCGTTCGAAGT 
 
2.2: Purification of myosin XI produced in E. coli  
 
After confirmation of complete cloning of the myosin sequences, 1µl of each vector was 
transformed into BL21 (DE3) E. coli cells. The cells were plated on LB plus 0.1mg/ml carbenicillin (final 
concentration) plates and grown overnight at 37°C. The cells were scraped off into a 50ml starter culture 
of LB plus .1mg/ml ampicillin (final concentration) media and grown at 37°C shaking at 200 rpm. The 
starter culture was added to 3L of LB plus 0.1mg/ml ampicillin (final concentration) media and the cells 
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continued to grow at 37°C shaking at 200 rpm to an optical density (OD600) of 0.8. The cells were then 
shifted to 15°C, induced at 0.1mM IPTG and grown overnight (16 hours) at 15°C. Cells were harvested 
through centrifugation at 4°C at 5000 rpm for 10 minutes. Cell pellets were then scraped into 50ml 
conical tubes and stored at -80°C.  
Cells were lysed in 36mL of cold lysis buffer (50mM NaH2PO4, 300mM NaCl, 10mM imidazole, 
10% glycerol; pH8.0. Fresh 5mM (final concentration) β-mercaptoethanol, 1mM PMSF, DNase, and 1 
Protease Inhibitor Tablet (Roche Diagnostics) were added to buffer prior to lysis) Cells were lysed in a 
Microfluidizer cell disrupter at 80 psi and then spun at 13000 rpm for 30 minutes at 4°C in an Evolution 
Centrifuge. The supernatant was added to 1.5ml Ni-NTA agarose bead slurry (Qiagen) pre-equilibrated in 
cold lysis buffer. This mixture rocked on a Nutator at 4°C for an hour to allow the His-tagged protein to 
bind to the beads. After the hour incubation, the beads were added to a column at 4°C to create a 
column bed volume. The bed volume was washed with 30ml of cold wash buffer (50mM NaH2PO4, 
300mM NaCl, 20mM imidazole, 10% glycerol; pH8.0. Fresh 5mM (final concentration) β-
mercaptoethanol was added prior to washing). The protein was eluted off the beads into 1ml fractions 
with 10ml cold elution buffer (50mM NaH2PO4, 300mM NaCl, 250mM imidazole, 10% glycerol; pH8.0. 
Fresh 5mM (final concentration) β-mercaptoethanol was added prior to elution). Elution fractions were 
spotted on Whatman paper, stained with Coomassie Blue and fractions containing protein were pooled 
together.  
The pooled fractions were diluted to a 50mM NaCl concentration. The samples were filtered 
(Millex-HU 0.45µM) to remove particulates and loaded onto a MonoQ 5/5 column pre-equilibrated in 
5% Buffer B ( 10mM Hepes, 1M NaCl, 10% glycerol, 1mM DTT; pH 7.5) diluted in Buffer A ( 10mM Hepes, 
10% glycerol, 1mM DTT; pH 7.5). The column was eluted over a 5%-100% NaCl gradient of Buffer B over 
20 column volumes with 0.5ml fractions taken throughout. Aliquots of fractions corresponding to 
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chromatogram peaks were run on a 12% SDS-PAGE gel and stained with Coomassie Blue. Fractions 
containing the myosin XI were pooled together. 
Pooled MonoQ 5/5 purified myosin XI was loaded onto the Superdex 200 column pre-
equilibrated in potassium phosphate (pH 7.4) and 10% glycerol buffer. 0.5ml fractions were taken 
throughout. Aliquots of fractions matching the chromatogram peaks were run on a 12% SDS-PAGE gel 
and fractions indicating purified myosin XI were pooled together. The 5.5ml of pooled myosin tail and 
6.5ml pooled myosin coil and tail were concentrated using Millipore Stirred Ultrafiltration with 25mm 
Millipore Ultrafiltration Membranes with a 10,000MW cutoff. The protein was divided into 100µl 
aliquots, flash frozen in liquid nitrogen and stored at -80°C.  
The final concentration of the purified protein was determined using a Ninhydrin assay (Rosen, 
1957). For the Ninhydrin assay, 5 µl, 7.5 µl, 10 µl, 12.5 µl, and 20 µl of 10mM leucine standard and 
myosin tail sample were added to polypropylene tubes. A 5µl water sample was prepared as blank. Each 
sample had 0.15ml of 13N NaOH added, covered with aluminum foil and autoclaved on the liquid cycle. 
After autoclaving, the samples were cooled to room temperature and 0.25ml of glacial acetic acid was 
added. Each tube had 0.4ml of CN-Ninhydrin solution ( 6% ninhydrin in 2-methoxyethanol, 2-
methoxyethanol, 20mM NaCN in H2O, and H2O) added. The tubes were placed in a water bath and 
boiled for 15 minutes. Immediately following boiling, 2ml of 50% isopropanol was added and tubes were 
capped and shaken. The A570 of each sample was taken using the UV spectrophotometer. A 10mM 
leucine standard curve was created and used as the reference for the protein curve. The concentration 
of the protein was determined with the following equations: 
((10mM)(Slope of sample) )/(Slope of leucine standard )= mM of amino acids 
(mM of amino acids)/(# of amino acids in protein sample) = mM of protein 
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2.3: Purification of sec15  
 
The sec15 construct was transformed, grown, expressed and lysed in the same manner as the 
myosin XI except after lysis a different protocol was used. The supernatant from the lysate was filtered 
(Millex-HU 0.45µM)  and loaded onto the HisTrap HP column pre-equilibrated in 2% Buffer B (10mM 
NaH2PO4, 500mM NaCl, 500mM imidazole, 1mM DTT; pH 8.0) diluted in Buffer A (10mM NaH2PO4, 
500mM NaCl, 1mM DTT; pH 8.0). The column was eluted over a 2%-100% imidazole gradient of Buffer B 
over 20 column volumes with 0.5ml fractions collected. Aliquots of fractions matching the 
chromatogram peaks were run on a 10% SDS-PAGE gel and stained with Coomassie Blue. Fractions 
containing purified sec15 were pooled together and diluted to a 50mM NaCl concentration. The diluted 
protein was loaded onto the MonoQ 5/5 column pre-equilibrated in 5% Buffer B ( 10mM Hepes, 1M 
NaCl, 10% glycerol, 1mM DTT; pH 7.5) diluted in Buffer A ( 10mM Hepes, 10% glycerol, 1mM DTT; pH 
7.5). The column was eluted with a 5%-100% NaCl concentration gradient over 20 column volumes.  
0.5ml fractions were collected throughout the elution. Aliquots of fractions were run on a 10% SDS-
PAGE gel and stained with Coomassie Blue. Fractions containing purified protein, total 6.5ml, were 
concentrated and frozen using the same protocol from the myosin XI purification. A Ninhydrin assay, 
same protocol as above, was conducted to determine protein concentration.  
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Chapter 3: Results 
3.1: Myosin XI Tail Domain Purification 
 
The myoX-GTD construct was initially expressed in E. coli, and the lysate was added to Ni2+-NTA 
(Qiagen) beads. The eluted protein from the nickel beads was purified over the anion exchange MonoQ 
5/5 column. The chromatogram from the MonoQ 5/5 indicated that the myosin XI tail was eluting off 
the column at fractions 18-28(Figure 6A). To confirm the presence of the protein an SDS-PAGE gel was 
run with the load fraction, wash fraction 5, and elution fractions 18-28 (Figure 6B). The myoXI-GTD 
protein is 45.97kD.  
 
Figure 6: Initial Purification step of myosin XI tail domain: A. Chromatogram from MonoQ 5/5 (anion exchange) column with 
5%-100% NaCl gradient (green line), blue line indicates A280 UV trace B. 12% SDS-Page gel of myosin XI tail load and elution 
fractions 5, 18-28 
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Elution fractions 19-28 from the MonoQ 5/5 were run on the size exclusion Superdex 200 
column (Figure 7A). Fractions 25-35 from the Superdex200 were pooled together (5.5ml final volume), 
concentrated and run on a SDS-PAGE gel (Figure 7B). After the protein was concentrated a Ninhydrin 
assay was conducted to determine the concentration of the protein. Myosin XI tail had a concentration 
of 3.15µM with 900µl of concentrated protein.  
 
Figure 7: Final purification step of myosin XI Tail Domain: A. Chromatogram from Superdex 200 column (size exclusion) B.    
12 % SDS-PAGE gel from pooled and concentrated Supredex 200 25-35 elution fractions 
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3.2: Myosin XI Coil and Tail Domain Purification 
 
The myoXI-cc-GTD construct was initially expressed in E. coli, and the lysate was added to Ni2+-
NTA (Qiagen) beads. The eluted protein from the nickel beads was purified over the anion exchange 
MonoQ 5/5 column. The chromatogram (Figure 8A) from the MonoQ 5/5 indicated that the myosin tail 
was eluting off the column at fractions 18-28. To confirm the presence of the protein an SDS-PAGE gel 
was run with the pre and post induction, lysate supernatant, and elution fractions 13-17 (Figure 8B).  
MyoXI-cc-GTD has a molecular weight of 53.6 kD.  
 
Figure 8: Initial purification step of myosin XI Coil and Tail Domain: A. Chromatogram from MonoQ 5/5 (anion exchange 
column) with NaCl 5-100% concentration gradient (green line), blue line indicates A280 UV trace B. 12% SDS-PAGE gel of pre 
and post induction, lysate supernatant, elution fractions 13-17 
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After purification on the MonoQ 5/5, fractions 13-17 were pooled (2.5mL final volume) and run 
over the Superdex 200 column (Figure 9A). Fractions 30-42 were pooled together (6.5ml final volume) 
and concentrated and run on a SDS-PAGE gel (Figure 9B). The concentrated protein concentration was 
calculated through Ninhydrin assay. The concentration was calculated to be 21.0 µM with 1ml of 
concentrated protein.  
 
Figure 9: Final purification step of myosin XI Coil and Tail Domain: A. Chromatogram from Superdex200 (size exclusion 
column), blue line indicates A280 UV trace B. 12% SDS-PAGE gel of pooled and concentrated Superdex 200 elution fractions 
30-42 
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3.3: Sec15 Purification  
The sec15 construct was originally expressed in E. coli and the lysate was run over HisTrap HP 
column for purification. Protein was eluted off the HisTrap HP column with a 10mM-500mM imidazole 
concentration gradient (Figure 10A). The even elution fractions from 16-40 were run on an SDS-PAGE 
gel (Figure 10B) to determine the localization of the sec15 and determine the amount of contaminants 
after the HisTrap HP purification.  
 
Figure 10: Initial step of sec15 purification: A. Chromatogram from HisTrap HP column with 10mM-500mM Imidazole 
gradient (green line), the blue line is A280 UV trace B. 10% SDS-PAGE gel of even elution fractions 16-40 
Fractions 34 to 48 were pooled together (3ml final volume), diluted from a 500mM NaCl 
concentration to 50mM NaCl concentration (final volume 30ml) and run on the MonoQ 5/5 column for 
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further purification. The MonoQ 5/5 had a 5-100% NaCl gradient for elution (Figure 11A). As seen in 
Figure 11A it is difficult to determine where the sec15 protein is eluting off of the MonoQ 5/5, the odd 
fractions from 7-49 were run on an SDS-PAGE gel (Figure 11B). Sec15 was present in Fractions 31-43. 
These fractions were pooled together (6.5ml final volume), concentrated and Ninhydrined to determine 
the concentration. The concentration of protein was 1.05µM with 250µl of concentrated protein.  
 
Figure 11: Final step of sec15 purification: A. Chromatogram from MonoQ 5/5 (anion exchange column), green line indicates 
NaCl gradient and blue is A280 UV trace B. 10% SDS-PAGE gel from odd elution fractions 31-43 
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Chapter 4: Discussion 
 
 The goal of this project was to purify myosin XI globular tail domain and sec15 from P. patens so 
that they can later be used for in vitro binding studies. These proteins are of interest because of the 
possible implications the interaction can have on polarized growth. The myosin XI homolog in yeast, 
Myo2, was shown to interact with sec15 and this interaction had significant effects on the growth and 
secretion of budding yeast (Donovan and Bretscher, 2012). This project took the initial steps to test the 
hypothesis that myosin XI and sec15 are interacting in moss, by purifying the two proteins so that they 
can be used in future experiments.  
 This project established protocols for the purification of recombinant myosin XI globular tail 
domain and sec15 using E. coli.  For the cloning, all the genes were cloned into plasmids that added a six 
histidine tag onto the N-terminus of the protein. The addition of the His-tag allowed for easier 
purification steps. Gene expression is regulated through the inducible lacI gene. When the plasmid is 
first transformed the lacI gene is repressed by lactose repressor. To induce protein expression, IPTG was 
added to the media. IPTG is a lactose analog that removes the lactose repressor allowing for 
transcription (Studier et al., 1990). A final concentration of 0.1mM IPTG was used because this 
concentration allowed for sufficient induction of protein production. For protein expression, the cells 
were shifted to a lower temperature (15°C) for induction. By changing the temperature during 
induction, proteins were produced at a slower rate allowing for the recombinant protein to fold properly 
(Vera et al., 2007).  
For both myosin XI constructs, the protein was purified using affinity, ion exchange and size 
exclusion chromatography. The buffers used during the purification had a pH of 8.0 and 7.5. This was 
optimal for the purification because the predicted pI of the myo-GTD was 6.50 and myo-CC-GTD was 
6.41. The pI or isoelectric point is the pH in which a protein carries no net charge  (Voet et al., 2008). The 
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pI can affect not only the charge, but also the solubility of a protein. If the proteins pI and the buffer pH 
are similar the protein may precipitate out of solution (Kramer et al., 2012). The pH of the buffer used 
for this purification is higher than the pI of both myosin XI constructs, which helped in the solubility of 
the protein. With a lower pI than the buffer pH the protein was negatively charged implicating the use 
of an anion exchange column instead of a cation exchange column.  
 Sec15 was purified using affinity and ion exchange chromatography.  The sec15 protocol 
differed from the myosin XI protocol with the addition of using the HisTrap column instead of the nickel 
beads. This change allowed for better separation of a close molecular weight contaminate, the protein 
GroEL. GroEL is a chaperon protein that helps misfolded proteins fold properly (Fenton and Horwich, 
1997). GroEL was expressed by E. coli to help the sec15 fold during production. The imidazole gradient 
used with the HisTrap column resulted in GroEL eluting off in earlier fraction and a separation from the 
sec15 (Figure 10B).  
 During this project, the sec15 from P. patens was soluble allowing for its purification. Current 
literature indicates that other labs that have tried to purify full length sec15 had difficulty with solubility. 
Prior to this project the only known purified portion of sec15 was a 35kD portion of the C-terminal 
domain from Drosophila (Bellen et al., 2005). The pI of the P. patens protein may explain the difference 
in solubility. The pI of P. patens sec15 was 5.77. The buffers used in the purification had a pH of 8.0 and 
7.5. These are both higher than the pI of the protein and may contribute the solubility of the protein. To 
confirm that the pI aided in the solubility of the protein, the pIs for other sec15 from other species need 
to be determined. All of the buffers had the addition of 10% glycerol which can also aid in the solubility 
of the protein. It is important to note that while there was soluble protein for the purification, an equal 
amount of insoluble protein was detected in the lysate pellet. This indicates that during the initial 
purification steps there is some loss of insoluble protein.  
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4.1: Future Experiments 
 
With the purified proteins, there are many steps that can be taken to move forward with this 
project. First, the purified proteins will be sent to have antibodies made to allow for 
immunoprecipitation assays to be conducted. These antibodies can also be used for Western blot 
analysis of the proteins and immunolocalization.  Many different binding studies can be performed, but 
prior to conducting binding studies, a scale up of the sec15 protein preparation will need to be 
performed. Currently 250µl of a 1µM concentration of protein was obtained from the experiments 
conducted. For binding studies it would be beneficial to have a minimum of one ml of 5µM of protein.  
To optimize the sec15 preparation, there are many different approaches that can be made. First, 
a different buffer for the MonoQ 5/5 can be used. The buffers for the lysis and HisTrap column had a pH 
of 8.0, where the MonoQ 5/5 had a pH of 7.5. Using Tris pH 8.0 buffer may optimize the yield from the 
column. Keeping a consistent pH throughout the purification my also aid in stabilizing the protein. 
Another possible optimizing technique would be to clone a TEV protease cleavage sequence between 
the His-tag and the sec15 sequence. The cloning, expression, and lysis protocol will be the same as 
earlier steps. For purification, the lysate will be run on the HisTrap column as in earlier steps and elution 
fractions containing the protein will be pooled together. The pooled fractions will then be buffer 
exchanged to removal the imidazole. The protein is then incubated with TurboTev (Nacalai USA, Inc.) to 
cleave off the His-Tag. The protein mixture will then be loaded back onto the HisTrap column. The 
TurboTEV protease has a Histag that will allow it to bind to the column. The cleaved sec15 will come off 
in the flow through and wash (Jussi et al., 2010). These fractions can be pooled and run on the MonoQ 
5/5 or Superdex200 column for further purification.  
If a higher concentration of protein is obtained, then analytical gel filtration chromatography 
assays can examine the binding interaction among myosin XI and sec15.  For this experiment, myosin XI 
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and sec15 will be mixed together in equal concentrations. This will then be loaded onto the size 
exclusion column. Comparing the volume of protein elution to the molecular standards elution and the 
individual myosin XI and sec15  protein elutions, an investigation of the size of the eluted protein can be 
made (Nenortas and Beckett, 1994). This can indicate whether or not the two proteins are interacting. 
The main limitation to this assay, is that the protein complexes get diluted as the chromatography 
proceeds, which can result in complex dissociation. 
 Native gel analysis of binding interaction can also be conducted.  For this experiment, myosin XI 
and sec15 will be added together in various concentrations. The proteins are incubated on ice for an 
hour; the mixtures will be run on a native protein gel. A native protein gel or non-denaturing gel, keeps 
the protein in its folded confirmation. Therefore, the proteins are separated by mass, charge and shape 
(Niepmann and Zheng, 2006). Comparison of the migration of both proteins together and each 
individual protein can give some indication of binding interaction. This is a quick and easy assay to run, 
but this assay should be used in conjunction with another type of binding study to confirm protein-
protein interaction.  
The information from all these experiments will complement the results from in vivo 
experiments on myosin XI and sec15 being conducted in the Vidali lab. All of the data together can help 
establish the function of myosin XI and sec15 in the polarized growth of P. patens.  
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